Report to the Devon River Board on the investigations in the Walla Brook by Horton, P.A.

REPORT TO THE DEVON RIVER BOARD ON THE INVESTIGATIONS IN THE WALLA
1955 - 1958, BY Mrs.P.A.HORTON.
The investigation undertaken under my direction by Mrs.Horton on 
a Dartmoor stream, the Walla Brook, was designed to provide information on
(a) the nature and quantity of the bottom fauna,
(b) the population of fish and their habits and behaviour throughout
the y e a r ,
(c) the relation of this fish population to the potential stock-carrying
capacity of the river.
The Walla Brook was selected because it offered conditions reasonably 
typical of many nursery streams on Dartmoor and it was (i) within easy 
reach of Exeter and (ii) so situated that a series of stations could be 
found along its length which are readily reached by road and it was there­
fore easy to reach and convenient to work.
1. The Bottom Fauna.
The bottom fauna has been quantitatively examined at eight sta­
tions along the stream, by taking fortnightly samples throughout a period 
of some 30 months. A shovel net of known section was used, each sample 
comprising one twentieth of a square metre of the bottom. Using a nylon 
net of 60 meshes per inch, larvae as small as 1 mm. in length could be 
captured. The samples were subjected to preliminary sorting in the field 
and then taken to the laboratory for detailed analysis. The young stages 
of many aquatic insects are very imperfectly known and in consequence it 
was necessary to try to breed many of them up to the adult stage in order 
to complete their identification. Success was obtained with twelve such 
species.
In addition qualitative knowledge of many forms, and in parti­
cular of the times of emergence of adults, was obtained by using a floating 
emergence trap moored in the stream.
It being of the greatest importance to know the food value of 
the fauna to the fish, it was essential to attempt to assess the weight 
of living matter present and its annual turnover. The size, breeding 
rate, breeding success and growth rate of each important animal had 
therefore to be estimated. This involved an immense amount of laborious 
measuring and weighing of all stages of their development, coupled with 
estimations of the egg production of the females, their hatching success 
and the death rate at different stages of larval and adult life. During 
the course of the work several reports came to light which suggested that 
trout feed extensively on animals drifting in or on the water, add it 
therefore became essential to investigate this and to try to relate the 
•drift’ fauna, on the one hand to the bottom population* and on the other') 
to the stomach contents of the fish. This will be referred to when the 
feeding habits of the fish are discussed.
A list of the insect fauna is attached as an appendix to this 
report. Of these species that which contributed the greatest monthly 
weight of food was the caddis worm, Ghaetopteryx villosa, and this was 
followed in importance by two stoneflies, Protonemura meyeri and Isoperla 
grammatica and a mayfly, Baetis rhodani. Although the Chironomidae or 
midges are numerically very important, their size is such that they c o h S  
tribute only a small proportion of the total mass of living material in 
the stream.
2.The fish. q
Ho salmon and only a few sea trout enter the i^ Talla Brook and 
attention was therefore concentrated on the resident brown trout, an 
attempt being made to assess;
the total population in the sections under observation, 
the breeding rate, egg and larval mortality, and the mortality at 
different periods up to maturity, and the length of life,
the degree of emigration frcja and immigration into each section, 
the rates of growth of the fish and the time of sexual maturity, 
the food and feeding habits of the fish.
The methods employed were based on the use of the Board’s electrical stunning
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machine, by means of which a complete census of each station was made in 
the spring, fall and summer of each year, while small samples of fish were 
removed every 4 to 6 weeks and also experiments on marking fish by clipping 
the adipose fin were successfully carried out. Further, during the breeding 
season the spawning of the fish was carefully watched, the redds mapped 
and their history followed. Unfortunately information on migration was 
severely limited owing to the fact that the trap built at the outfall of 
the stream into the East Dart was almost immediately wrecked by spates.
The growth of the fish was determined by relating total measure­
ments and also scale readings to toal weight in the group of fish which 
were extracted from the river and then extrapolating from these data to 
the whole population, the fish taken at each census being measured before 
being returned to the water. From such data it was possible to estimate: 
the annual rates of growth for a number of year classes, 
the mean rates of growth of males and females, 
the fish population of each section, and its class composition 
and seasonal fluctuation. Briefly, the information which emerges from the 
detailed statistical analyses which have been used may be summarised as 
follows:
Annual growth rates fluctuate from year to year, probably being 
goverend by the amount of food available, and being poor for instance in 
1956/57 but very much better in 1957/58. Apparently what may be lost in 
any one year is normally compensated for in later seasons. In general 
growth is at a minimum for all classes of fish between late November and 
March, rises rapidly to a high rate in May/June, falls in mid-summer and 
rises to a second smaller peak in September/October. But, as is well known, 
overall growth rate and the maximum size reached are incomparably less in 
such acid streams as these than in the richer alkaline waters of many lakes 
and rivers elsewhere in Britain. Comparative figures illustrate this;
Age of fish, years.
1 2 3 4
Length of fish, 1.Windermere 6.0 13.0 21.5 28.7
cms. R.Kennet 11.3 23.3 33.3 38.8
Walla Brook 7.2 11.5 14.9 18.5
The most rapid growth is attained during the first 3 or 4 years of life, 
after which, possibly owing to the onset of sexual maturity, the rate of 
increment is approximately halved. This may he illustrated by a sample 
set of figures from one section of the survey area:
Age So.fish Mean length Annual increment
yrs. used cms. cms.
1 69 6.9 4.4
2 48 12.5 5.6
3 29 16.6 4.1
4 21 19.7 3.1
5 10 21.4 1.7
6 6 22.9 1.5
7 2 24.3 1.4
Male fish in the Walla Brook tend to grow slightly faster than 
do the females during the first three years of life, but thereafter the 
n£ relative rates are reversed and by the age of six years there is very 
little size difference between the sexes.
The numbers of fish present must clearly fluctuate widely over 
the seasons, being at a maximum immediately after the eggs hatch and 
thereafter falling until the next breeding replenishment. But probably 
the total weight of the standing stock of fish does not change greatly, 
and this has been estimated to be between 6.5 and 2.0 gns per sq.metre 
of the stream (the equivalent of one mature fish to every 20 to 80 sq. 
y metres. It is further estimated that this standing stock consumes bet­
ween 8 and 28 pis of food per sq.metre, thereby producing from 10 to 
18 gms of fish. In English equivalents this means approximately that 
the stock consumes per sq.yard between one third and one ounce of food 
and produces between one third and two thirds of an ounce of fish.
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The food in the stomachs of over 300 fish was analysed, identified, 
the numbers and weights of its component species estimated and the mean 
numbers of animals eaten over given periods and seasons calculated for each 
year class of fish . Unfortunately it was not possible to obtain an accurate 
estimate of the importance of 'd r ift ' in the food; nevertheless some indi­
cation was found that the trout not infrequently take such food, more 
especially during spates when of course its quantity is greater than nor­
mal. ETo evidence was secured that the fish select one species of animal in 
preference to others, but a marked selection for size was indicated by the 
fact that for all classes of fish organisms within the length range 2 to 8 
mm. constituted over 80 per cent of the stomach contents.
Correlation of data from stomach contents with those of the total 
production of food from the bottom could only be approximated, in parti­
cular because of the inadequacy of information obtained on the extent to 
which feeding on ’ drift* occurs. Nevertheless, although marginal, it ap­
pears that sufficient food is produced on the bottom to maintain existing 
stocks although it  appears that the more important species of food animals 
are very heavily grazed. The slow growth and comparatively small siae of 
the trout seem therefore to be determined by:
a . the poor bottom fauna in such acid waters, 
and b . the existence of too large a fish population, thus leading to 
intense competition and high mortality among young fish at the stage when 
they should normally be making their fastest growth.
August 28th.1958. L.A.Harvey.
Fauna List. Walla Brook, 1955-1958. ifrs.P.A.Horton’s -Sur-vey. 
INSBCIA.
PLECQPTERA (Stone-flies)
Protonemura meyeri (Piet.) 
jimphinerrrara sulieollis (Driv.)
Leuctra inenais (Kemp.)
L. f'as ca (L. )
Perlodes mortoni (llap.)
Isoperla grammatica (Poda.)
Perla cephalotes (Curt.)
Chloroperla torrentium (Pictet)
EPHEMEROPTERA (Mayflies)
Leptophlebia vespertina (L.)
Ephemerella ignita (Poda.)
Caenis rivulorum (Eaton)
Baetis scambus (Eaton)
B. rhodani (Pictet)
B. niger (L.)
B. pumilms (Burn.)
Rithrogena semicolorata (Gurtis 
Heptagenia lateralis (Curtis)
Icdvonurus venosus (Fabr.)
N
KEUROPTERA
Sialis lutraria (L.) (Alder Fly)
DIPTERA (Two-winged flies)
Kematocera 
Tipulidae *f 
Tipula lateralis (Meig.)
T. staegeri (Melsen)
Limoniidae 
Pedicia rivosa (L.)
Tricyphona irnmaeula (Meig.)
Dicranota bimaculata (Schummel)
Rhaphidolabis exclusa (Walker)
Elaeophila trisaaculata (Meig.)
Gonomyia recta (Tonnois)
Trichocera regelationis (L.)
Erioptera trivalis (Meig.)
1. fuseulenta (Edwards)
Chironomidae .
Ortho cladiinae 
Cricetopus sylvestris Fabr. (bred out)
C. pulchripes Yerrall 
C. bicinctus Meig. (bred out)
C. motitator var.annulator Goetgh. (bred out) 
Eukiefferiella hospitus Edwards 
Oridiocladius rubicundus Meig. (bred out)
0. apicilis Kieff. (bred out)
Tanypodinae 
Pentaneura lentiginosa Fries, (bred out)
P. longimana Staeger (bred out)
P. cingulata Walker (bred out)
Procladus ehoreus Meig. (bred out)
Clinotanypus nervosus Meig. (bred out)
Diamesinae 
Diamesa incallida Walker (bred out)
Psilodiamesa gaedii Meig. (bred out)
Prodiamesa olivaeea ffieig. (bred out)
Chironominae 
Polypedilum. albicornis Meig. (bred out)
P. convictus talker (bred out)
^Chironomus (Einfeldia)longipes Staeger (bred out) 
Microspectra monticola Edwards (bred out)
M. fuseus Meig. (bred out)
M. subviridus Goetgh. (bred out)
Tanytarsus laetipes Zett. (bred out)
T. tenuis Meig. (bred out)
T. richmondensis Edwards (bred out)
TEieaOPTlSA (Caddis-flies) 
Liranophilus extri catus (M cLachlan)? 
Anabolia nervosa (Curtis)
Stenophylax stellatus (Curtis) 
Misropterna lateralis (Stephens) 
Drusus annulatus (Stephens) 
Ghaetopteryx villosa (Fabr.) 
Sericostoma personatum (Spence)
Silo pallipes (Fabr.)
Lepidostoma hirtuci (Fabr.)
Baeraeodes minut-a (L.)
Leptocerus fulvus (Rambur.) 
Hydropsyche instabilis (Curtis) 
Polycentropus flavomaeulatus (Piet.) 
Rhvacophila dorsalis (Curt.)
S. munda (McLaehlan)
Gxyethira sagittifera (Ris.) ?
Leiochiton fagesii (Guinard)
ODONATA (Dragonflies)
Cordulegaster annulatus (Latr.) 
Agrion splendens (Harris) 
Phyrrhosoma nymphula (Sulzer)
Sheotanytarsus ph.otoph.ilus Goetgh. (bred out) 
Cladotanytarsus van-der-wulpi Edwards (bred out) 
Ceratopogonidae 
Palpamyia flaripes Meig. (bred out)
Simuliiaae 
Simulitan laetipes Meig.
8 . oostatum. Fried.
S . ornatum Meig.
3 . variegatum. Meig.
S. angustitarsus Lundstrcfa.
S . venmstum Say.
S . morsitans Edwards
Braehyeera
Chrysops quadratus Meig.
Wiedemannia lamellata Loew.
Atherix marginata Fabr.
ADDENDUM TO THE REPOST 01 THE BIOLOGICAL SURVEY' OF THE WALLA BROOK
Arising from the report on Mrs.Horton’s survey of the Walla Brook, 
I was asked to make suggestions for the improvement of the fishing in this 
stream. It must be emphasised that this survey can only be regarded as the 
beginning of a long-term investigation of the rivers of the area, and its 
conclusions, suggestive as they are, must therefore be taken as only ten­
tative and liable to modification as our knowledge of the waters in Devon 
enlarges. On the basis of the conclusions reached however, namely that the 
poor size of the trout results from (i) low productivity in the acid watei 
and (ii) excessive numbers of fish, it seems that efforts should be direel 
towards (a) improving production of the bottom fauna and (b) reducing the 
fish population. Any treatment of the stream must, in the present state oi 
our knowledge, by subject to revision in the light of experience, and I 
therefore suggest that it will be most satisfactory to regard the Walla 
Brook as an experimental stream in which some or all of the following mea­
sures be tested:-
1. Construction of small weirs at intervals, in order to break the 
course of the stream into a series of long pools in which the flow of wate 
is locally reduced and more sediment can accumulate and a growth of weed I 
promoted to harbour more bottom dwelling organisms. This will also mitigai 
scouring by winter spates and it will provide deeper water giving fish mox 
cover and room. The placing, heights and construction of such weirs can b« 
be determined between the Chief Engineer and myself on the spot.
2. After construction of the weirs, seeding of selected pools with 
Gammarus (shrimp), coupled possibly with the provision of shelter and feec 
sites for them in the shape of bundled bracken anchored at suitable spotss 
as suggested at the meeting of Oct.22nd.
The effects of both these procedures should be watched at interval 
over a period of at least twelve months to determine their efficacy.
I do not favour the suggestion, also made on Oct.22nd, that the 
acidity of the water be reduced by introducing limestone. On the one hand 
I believe that the quantity of such stone required will prove far too larg 
and on the other its introduction might have quite unforeseen effects on 
the fauna and flora of the stream and these might well be very undesirable
3. Reduction of the trout population might be attempted in two ways; 
(a ) by control of the redds throughout the length of the stream, thereby 
permitting only a selective small number of eggs to hatch;
(B) by electrical fishing of all accessible lengths of the stream and the 
selective removal of fish of all sizes. If this were dons shortly before 
the breeding season an adequate numbers of breeders cou^d be left to popu­
late the redds together with a small proportion of young fish which might 
then be expected to grow faster and to a larger size in ensuing years.
Both these procedures clearly imply continuous management of the 
fishing every year, and the cost both financially and in labour, particu­
larly if eventually applied to other streams in the region, might prove to 
be quite prohibitive. If therefore sufficient improvement can be effected 
by measures to increase productivity of the bottom fauna this would seem t 
be the right approach to the problem. Moreover, once the fish were brought 
to a more fishable size there would be a better chance of maintaining them 
so because anglers would be attracted to the stream.
